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Abstract D Antifungal studies were made of mixtures of minimal inhibitory concentrations (MICs) of 8-quinolinol and its bischelates with
copper(ll), zinc(ll), and manganese(ll) and with mixed ligand chelates
composed of 8-quinolinol, copper(ll) and a second ligand including
salicylic acid, 3-hydroxy-2-naphthoic acid, 3,5-diiodosalicylic acid, and
4-bromo-3-hydroxy-2-naphthoic acid. Mixtures of the MICs of the bischelates of 8-quinolinol with copper(ll) and zinc(ll) and copper(ll) and
manganese(ll), as well as 7-iodo-8-quinolinol and its bischelate with
copper(ll), and 8-quinolinol and 5-iodo-8-quinolinol were also studied
against six fungi: Aspergillus niger, Aspergillus oryzae, Trichoderma
viride, Myrothecium verrucaria, Mucor cirinelloides, and Trichophyton
mentagrophytes. With the exceptions of the mixtures of 8-quinolinol and
(8-quinolinolato)(3,5-diiodosalicylato)copper( II) and (8-quinolinolato)(4bromo-3-hydroxy-2-naphthoato)copper(ll) against M. cirinelloides, all of
the test organisms were inhibited by 40% or less of each mixture
containing 8-quinolinol. Bischelates of 8-quinolinol with copper(ll) and
zinc(ll) and copper(ll) and manganese(ll) inhibited five fungi at 50% of
the mixtures of the MICs. Mucor cirinelloides was not inhibited by
bis(8-quinolinolato)copper(ll), bis(8-quinolinolato)zinc(ll), or by bis(7iodo-8-quinolinolato)copper(ll). The following conclusions were drawn:
( 1) there is synergism between 8-quinolinols and their metal chelates; (2)
the mechanisms of fungitoxicity of 8-quinolinols and their metal chelates
are different; (3) the fungitoxic actions of the chelates of 8-quinolinols with
different metals appear to be additive; ( 4) the mechanisms of fungitoxicity
of 8-quinolinol and 5-iodo-8-quinolinol are different; (5) the toxicity of
8-quinolinols is due to the concerted action of the ligands and their metal
chelates, whereas when the toxicant is the preformed metal chelate,
toxicity is due to the chelate alone.

We have reported that the mechanisms of fungitoxicity of
8-quinolinol and its bischelate with copper(II) are different. 1
This was not consistent with the concept that 8-quinolinol
functions only with a metal cotoxicant. 2 This conclusion was
based on three types of evidence. First, when a fungus is
inhibited by a minimal inhibitory concentration (MIC) of
8-quinolinol, both the growth medium and inoculum do not
contain sufficient copper(II) to form a MIC of bischelate.1.a
Second, when the MICs of both 8-quinolinol and its bischelate
with copper(ll) were present in the test system simultaneously, complete inhibition of Aspergillus oryzae in CzapekDox broth was observed at a level of 10% of the mixture. This
indicated synergism between both toxicants and should not
have been observed had the mechanisms of fungitoxicity been
the same for both ligand and chelate. 1 Third, certain small
thiol-containing molecules (cysteine, N-acetylcysteine, cysteamine, glutathione, dithioerythritol, and dithiothreitol), as
well as a-lipoic acid, protected A. oryzae in Sabouraud dextrose broth4 and in Czapek~Dox broth5 against the toxicity of
8-quinolinol, but not against that of its bischelate with
copper(ll). It should be mentioned that the fungitoxic action
of 5-iodo-8-quinolinol was similarly not reversed by the same
sulfur-containing molecules. 4
The present study deals with the extension of the concept of
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synergism between 8-quinolinol and its bischelate with copper(II) against A. oryzae observed in a simple medium (Czapek-Dox broth) to include the mixed ligand chelates composed
of copper(II), 8-quinolinol, and aromatic hydroxy acids
against six fungi (Aspergillus niger, A. oryzae, Myrothecium
verrucaria, Trichoderma viride, Mucor cirinelloides, and Trichophyton mentagrophytes) in a complex medium (Sabouraud
dextrose broth). It was also desired to learn whether synergism would be detected between 8-quinolinol and its respective bischelates with manganese(II) and zinc(!!). While this
study was in progress, it was reported that mixtures of the
bischelates of 8-quinolinol with manganese(II) and copper(II)
and zinc(II) and copper(II) were active against Botrytis cinerea, several species of Fusarium, and other fungi. s We
desired to test these mixtures against the fungi in our test
system to determine if synergism between the pairs of
chelates would be observed. Since 7-iodo-8-quinolinol7 and its
bischelate with copper(II) 3 were highly toxic toM. verrucaria,
T. viride, and T. mentagrophytes in Sabouraud dextrose broth,
the mixtures were included in our study. We also sought
possible synergism in a mixture composed of 8-quinolinol and
5-iodo-8-quinolinol, since it was reported that the mechanisms of action of these two analogues were different. 4

Experimental Section
8-Quinolinol and 5-iodo-8-quinolinol were purchased from Aldrich
Chemical, Milwaukee, WI. 7-lodo-8-quinolinol was prepared as reported previously.7 The bischelates of 8-quinolinol and its 5-iodo
analogue with copper(II), manganese(II), and zinc(II) were prepared
according to the methods described by Hollingshead,s and the mixed
ligand chelates were formed according to literature procedures.9,10
The fungi employed included A. niger (ATCC 1004), A. oryzae
(ATCC 1101), M. verrucaria (ATCC 9095C), T. viride (ATCC 8678),
M. cirinelloides (ATCC 7941),n and T. mentagrophytes (ATCC 9129).
The compounds were tested in Sabouraud dextrose broth (Difco Labs,
Detroit, MI) according to published methods.l.5 To 39.2 mL of
Sabouraud dextrose broth prepared in deionized water was added 0.4
mL of dimethyl sulfoxide (Me2 SO) containing toxicant, followed by
0.4 mL of spore suspension of the respective test organisms. The
inocula contained 6 x 106 spores/mL in sterile saline.12 The MICs of
the toxicants were obtained in p.g/mL by serial dilutions of the Me2SO
solutions and recalculated to a molar basis for comparison. The flasks
were incubated on a rotary shaker for 6 d at 28 °C, and data on growth
or no growth were recorded. Evidence of synergism was sought by
codissolving MIC levels of the toxicants in Me2SO and incorporating
them into the growth media in 10% increments from 10 to 100% of the
mixtures.

Results
The MICs of the ligands and chelates are summarized in
Table I. Although most of the results were reported
previously,a.7,13 it was necessary to update these because the
composition of the growth medium may have changed over
the years, possibly resulting in changes of the observed MICs.
Journal of Pharmaceutical Sciences I 975
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Table 1-Minlmal Antifungal Activity [mmoi/L {pg/mL)] of Some 8-Quinollnols, Their Blschelates with Copper{ll), Manganese{ll), and
Zinc{ll), and Mixed Ligand Chelates of 8-Qulnollnol, Arylhydroxy Carboxylic Acids, and Copper(ll) In Sabouraud Dextrose Broth at 28 oc
In Shake Flasks after Six Days
Compound
Ligand 1
8-Quinolinol
5-lodo-8-quinolinol
7-lodo-8-quinolinol
8-Quinolinolato
7-lodo-8-quinolinolato
8-Quinolinolato
8-Quinolinolato
8-Quinolinolato
8-Quinolinolato
8-Quinolinolato
8-Quinolinolato

A. niger

M.
cirinelloides

T. mentagrophytes

0.14 (20)
0.030 (8)

0.17 (24)
0.14 (37)

0.041 (6)
0.0074 (2)

0.015 (4)

0.037 (10)

<0.0037 (< 1)b

NAB
NAB

0.0084 (3)
<0.0017 (<1)b

T. viride

M. verrucaria

Metal

Ligand 2

8-Quinolinol
7-lodo-8-quinolinolato
8-Quinolinolato
8-Quinolinolato
Salicylate
3-Hydroxy2-naphthoato
3,5-Diiodosalicylato
4-Bromo-3hydroxy-2-naphthoato

A. oryzae

0.14 (20)
0.018 (5)

0.12(18)
0.026 (7)

0.0074 (2)

0.011 (3)

<0.0037 (-:::: 1)b

Copper( II)
Copper( II)

0.014 (5)
NAB

0.014 (5)
NA8

0.011 (4)
<0.0017 (<1)b

Manganese(II)
Zinc( II)
Copper( II)
Copper( II)

0.079 (27)
0.068 (24)
0.015 (5)
0.013 (5)

0.070 (24)
0.051 (18)
0.015 (5)
0.013 (5)

0.030 (8)
0.020 (7)
0.015 (5)
0.013 (5)

0.11 (36)
0.10 (36)
0.020 (7)
0.020 (8)

0.087 (30)
NAB
0.047 (16)
0.047 (18)

0.026 (9)
0.023 (8)
0.0087 (3)
0.0076 (3)

Copper( II)
Copper( II)

0.013 (8)
0.013 (6)

0.013 (8)
0.013 (6)

0.013 (8)
0.0013 (6)

0.023 (14)
0.025 (12)

0.054 (32)
0.11 (54)

0.0067 (4)
0.0042 (2)

a Not active below 100 ~/mL, highest level tested.

b

0.034 (5)
0.0074 (2)

0.017 (6)
<0.0017 (<1)b

Inhibitory at <1 ~/mL, lowest level tested.

This was shown in our previous studies on the reversal of the
toxicity of 8-quinolinol by metabolites added to a growth
medium. 4 ·5 Most of the MICs of the compounds retested were
not too different from those reported previously. Furthermore,
the values in Table II are dependent on the accuracy of the
data in Table I. Bis(8-quinolinolato)copper(ll), bis(8quinolinolato)zinc(II), and bis(7 -iodo-8-quinolinolato)copper(ll) did not cause inhibition of M. cirinelloides, whereas
the bischelates of manganese(Il) with 8-quinolinol and the
mixed ligand chelates containing 8-quinolinol, aromatic hydroxy acids, and copper(II) were inhibitory to all the fungi.
Data of fungal inhibition due to the mixtures composed of
chelates and ligands, chelates and chelates, and the case of
the ligand 8-quinolinol with the second ligand 5-iodo8-quinolinol are contained in Table II. Where one component
of a mixture did not inhibit a test organism below 100 J.tg/mL,
the mixture was not tested. Aspergillus niger, A. oryzae, M.
verrucaria, T. viride, and T. mentagrophytes were inhibited at
40% or less of all the mixtures tested except for the mixtures
of the bischelates of 8-quinolinol with copper(II) and manga-

nese(II) and those with copper(II) and zinc(II), which caused
inhibition at 50% of the mixtures. The data of Table II include
59 test results of which 10 cases showed no apparent growth
of the inoculum at 40% of the mixtures of the MICs of the
toxicants. In view of this number of borderline cases, it was
necessary to test the reproducibility of the system. Two cases
were chosen by random selection: 8-quinolinol and (8quinolinolato)(salicylato)copper(II) against M. cirinelloides
and 8-quinolinol and bis(8-quinolinolato)zinc(II) against T.
viride. Ten replicates of each using 30, 40, and 50% of the
MICs of the mixtures were tested. In all cases there was good
growth in the flasks containing 30% levels ofthe mixtures and
no apparent growth in all the flasks at the 40 and 50% levels.
Thus, the probability of the readings at the 30 or 50% levels
of the MICs overlapping each other would be p < 0.1 %.
M. cirinelloides was affected differently by the mixtures of
toxicants than the other five organisms. In addition to not
being inhibited by bis(8-quinolinolato)copper(II), and bis(8quinolinolato)zinc(Il), the mixtures of 8-quinolinol with (8quinolinolato)(3,5-diiodosalicylato)copper(II), and (8-

Table 11-Synergism between 8-Quinollnol and Its Blschelates with Copper(ll), Manganese{ll) and Zinc{ll) and Hs Mixed Ligand Chelates
of 8-Quinolinol, Arylhydroxy Carboxylic Acids, and Copper{ll) and between 8-Quinolinol and S·lodo-8-qulnollnol and 7-lodo-8-qulnollnol
and Its Bischelate with Copper(ll) In Sabouraud Dextrose Broth at 28 oc In Shake Flasks after Six Daysa
Mixture
8-Quinolinol + bis(8-quinolinolato)Cu(ll)
8-Quinolinol + (8-quinolinolato)(salicylato)Cu(ll)
8-Quinolinol + (8-quinolinolato)(3hydroxy-2-naphthoato)Cu( II)
8-Quinolinol + (8-quinolinolato)(3,5diiodosalicylato)Cu(ll)
8-Quinolinol + (8-quinolinolato)(4bromo-3-hydroxy-2-naphthoato )Cu(ll)
8-Quinolinol + bis(8-quinolinolato)Mn(ll)
8-Quinolinol + bis(8-quinolinolato)Zn(ll)
Bis(8-quinolinolato)Cu(ll) + bis(8quinolinolato)Mn(ll)
Bis(8-Quinolinolato)Cu(ll) + bis(8quinolinolato)Zn(ll)
7-lodo-8-quinolinol + bis(7-iodo8-quinolinolato)Cu(ll)
8-Quinolinol + 5-iodo-8-quinolinol

A. niger

A. oryzae

M. verrucaria

30
30

30
30

30
30

30
30

40

30
30

30

30

30

30

40

30

30

30

30

30

80

30

30

30

30

30

80

30

40
40

40
40

30
40

40
40

30

~0

50

50

50

50

50

50

50

50

50

50

<10

<10

< 10c

_b

30

20

<10

T. viride

20

M. cirinelloides

T. mentagrophytes

40

20

<10

aPercent of mixture qontaining MICs of each toxicant causing 100% inhibition. bAt least one of the components was not inhibitory below 100 J.tQ/mL,
the highest level tested. clnhibitory at below 10°/o of the mixture, the lowest level tested.
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quinolinolato)(4-bromo-3-hydroxy-2-naphthoato )copper(ll)
inhibited the fungus at 80% of the mixtures, respectively. The
mixtures composed of 8-quinolinol and (8-quinolinolato)(salicylato)copper(Il) and 8-quinolinol and (8-quinolinolato)(3hydroxy-2-naphthoato)copper(II) inhibited M. cirinelloides at
the 40% level.

Discussion
The presence of synergism is generally acknowledged when
a mixture of materials manifests greater activity than the
sum of the activities of its component parts, the modes of
action of the component parts are different, and the component parts do not interact to form materials that are different
from the parent materials. It can reasonably be concluded
from the data of Table II that there is synergism between
8-quinolinol and its bischelate with copper(II) and its mixed
ligand chelates with copper(ll) and arylhydroxy acids against
A. niger, A. oryzae, M. verrucaria, T. viride, and T. mentagrophytes. That the degree of inhibition was the same in all
of the cases was to be expected, since we established that the
activity of the chelates was due to that of the 1:1 chelate of
8-quinolinol and copper(II) present in all ofthem,t3,14 and this
was in agreement with the hypothesis of Albert. 15 It was also
shown that the fungitoxic mechanisms of 8-quinolinol and its
1:1 chelate with copper(II) were different. 4·5 The integrities of
the mixtures of 8-quinolinol and the respective copper(ll)
chelates were established by demonstrating that the UV
spectra of the mixtures were the sums of the component parts.
8-Quinolinol, with (8-quinolinolato)(3,5-diiodosalicylato)copper(ll) and (8-quinolinolato)( 4-bromo-3-hydroxy-2naphthoato)copper(II) inhibited M. cirinelloides at 80% of the
mixtures of the MICs. These mixtures seemed to be antagonistic, and we cannot explain this result. The activities of the
mixtures of 8-quinolinol and its respective bischelates with
manganese(II) and zinc(II) were similar to those of the
mixtures of 8-quinolinol and the respective copper(II) chelates, but generally less fungitoxic. The fungitoxicity of the
mixture of 7-iodo-8-quinolinol and its bischelate with copper(II) was excellent against the three susceptible organisms
M. verrucaria, T. viride, and T. mentagrophytes. It can be
stated that in most cases the mode of antifungal action of the
ligand, 8-quinolinol, is different from that of its chelates with
metals such as copper(ll), manganese(ll), and zinc( II). The
fact that 7-iodo-8-quinolinol and its bischelate with copper(II)
also formed a synergistic antifungal mixture suggests that
the phenomenon is general, and the modes of fungitoxicities
of the 8-quinolinols and their metal chelates are different.
The fungitoxicities of mixtures of chelates of 8-quinolinol
containing different metals appear to be additive and not
synergistic, suggesting the possibility of a common mode of
action. Of interest was the finding that there was synergism
between 8-quinolinol and its 5-iodo analogue. This was
consistent with our earlier report that the mechanisms of
action of the two ligands were different. 4
In order to explain the activity ofbis(8-quinolinolato)manganese(II) and inactivity ofbis(8-quinolinolato)copper(II) and
bis(8-quinolinolato)zinc(l1) toM. cirinelloides we resort to the
concept that the 1:1 chelate of 8-quinolinol and metal is the
active toxicant. A further hypothesis was developed to relate
toxicity and nontoxicity of the metal chelates to penetration
and nonpenetration of the fungus by the toxicant.a.ta It was
suggested that the fungal spore wall behaved as a barrier
with respect to certain potential antifungal agents. Bis(8quinolinolato)copper(ID was reported to be square planarl6
and the 2:1 chelates, although they possess small negative
charges at opposite ends of the long axes, are nonpolar. The
spore wall is porous in nature in order for materials to pass
between the environment and the interior of the spore.

Although the net charge of the pores is zero, it is composed of
alternate + and - charges around the periphery of each pore.
The chelate molecules float around in the liquid medium at
random until they approach the spore wall. They are then
oriented parallel to the spores by electrostatic attraction. If
the long axes of the chelates are shorter than the diameters
of the pores, they can penetrate the spores and manifest their
toxic reactions. Molecules with long axes that are too long to
allow penetration will be nontoxic to the fungus. The mixed
ligand chelates composed of 8-quinolinol, copper(ll), and
aromatic hydroxy acids are dipolar and approach the pores of
the spore wall at an angle dependent on the net charge at one
end of the molecule. Thus, the projected axis of the molecule
would determine penetration and not the long axis. This could
be expressed by the equation: P = L cos 8 (P =projected axis
of the chelate; L =long axis; and 8 =angle between Land the
spore wall). When P does not exceed the diameter of the pores,
penetration can occur.a.ts
X-ray crystallographic studies of the bischelates of 8quinolinol with copper(II)I7 and zinc(II)IS showed that the
long axis of the zinc(II) chelate was slightly larger than that
of the copper(II) chelate. Since the copper(II) chelate was not
toxic to M. cirinelloides, it should be expected that the
corresponding zinc(II) chelate be nontoxic, and that was
observed. That these chelates should be fungitoxic if penetration had occurred is evidenced by the fact that toxicity was
observed with the mixed ligand chelates of 8-quinolinol,
copper(II), and aromatic hydroxy acids (Table 1). The lengths
of the long axes of bis(8-quinolinolato)copper(II), (8quinolinolato)(3 ,5-diiodosalicy lato )copper(ll), and (8quinolinolato)(4-bromo-3-hydroxynaphthoato)copper(ll)
were reported to be 14.5, 16.1, and 16.9 A, respectively.1a
From this we can deduce that the diameters of the pores in the
spore wall of M. cirinelloides are <14.5 A. A comparable
X-ray study of the manganese(II) chelate of 8-quinolinol is not
available, but in view of its toxicity toM. cirinelloides, we are
inclined to conclude that its long axis must be shorter than
that of the copper(ll) chelate.
In a biological system which includes medium, test fungus,
and a toxicant such as 8-quinolinol, toxicity is due to the
concerted actions of both ligand and its metal chelates. Even
if the medium is claimed to be free of heavy metals,t5,19 the
inoculum carries with it significant quantities of these
metals1 to allow for the formation of subinhibitory levels of
chelate which can still act synergistically with the free ligand.
When the toxicant is the preformed metal chelate, toxicity is
due to the chelate alone.
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